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Nanophytovirology: An Emerging 
Field for Disease Management
Avinash Marwal and R.K. Gaur
Abstract
Nanotechnology positions as a new armament in our collection against the 
increasing challenges in disease management and plant/human health. The 
application of nanotechnology in plant/human disease administration, diagnosis, 
and genetic transformations is still in its early stages. Apart from the scope of this 
chapter, there is also a mounting collection of new tools and techniques where 
nanoparticles are employed as delivery vehicles for genetic material in plants. Due 
to their nanoscale dimensions, nanoparticles may knockout virus particles and thus 
may open a novel arena of virus control in plants/humans. Our aim is to enlighten 
and enthuse researchers about the swiftly expanding prospects of nanotechnology 
in plant pathology i.e., “nanophytovirology.”
Keywords: nanoparticles, plant pathology, human pathology, virology, 
disease diagnosis, disease management, plant protection, case study
1. Introduction
Food security has always been the principal apprehension for mankind [1]. Food 
losses because of crop infections by pathogens like bacteria, fungus and viruses are 
known as obstinate issues in agriculture since centuries around the globe [2]. Even 
countries, societies and their administrations have been facing this problem a long 
time. Quarantine strategies employed for crops and ornamental plants a requite 
effective in preventing harmful diseases and arthropod pest epidemics from being 
imported and getting spread in the purchasing country [3]. Plants are infected 
by a number bacterial, fungal and virus species [4–8]. Viruses are considered as 
the minutest known microbes to the mankind and yet they reason for the most 
significant losses in agriculture sector [9], thus putting the plants under stress [10]. 
Same holds true for humans as well. Many a time, the finest recognized treatment 
for viruses is the innate immunological resistance system of host; else, the initial 
prevention of viral infection is the only substitute [11]. Consequently, diagnosing 
host for viruses at earliest is the prime approach toward controlling and eliminat-
ing harmful virus [12, 13]. The starter of a novel class of nanoscale particles with 
numerous exceptional properties and functions has flashed a series of innovative 
applications [14]. Engineered nano-materials (nanoparticles) range from 1 to 
100 nm in size [15]. Engineered nanoparticles can be synthesized to precise dimen-
sions and intended in numerous composite arrays, making their function and 
efficacy applicable in many fields. Suitable sensors and good delivery systems might 
help infighting viruses and other crop pathogens.
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Nanoparticles might employ an important integrity in future plant and human 
disease management that might range from disease diagnosis to disease treatment 
[16]. In recent past several nanoparticles has been synthesized across the globe 
by eminent scientists in various forms [17, 18]. Like quantum dots, metalloids, 
metallic oxides, nonmetals, carbon nanomaterials [19], dendrimers, liposomes 
[20], Virus-based nanoparticles (VNPs) are few examples of this category [21, 
22]. Nanoparticles greatest advantage lies in their small size, greater surface area 
and strong reactivity: such efficient activity favors for vast application in plant 
and human pathology [23]. Nanoparticles can be synthesized either by chemical 
route or by green synthesis method taking in account the top down or bottom up 
approach, whichever better feasible. This can be further categorized into chemical, 
reduction, microemulsion, colloidal, sonochemical, electrochemical, microwave, 
solvothermal and microbial synthesis of nanoparticles [24]. The present study 
focuses and centric towards the above said aspects of nanoparticles vs. plant virol-
ogy (“nanophytovirology”), thus summarizing the available scattered literature at 
one place for the common audience.
2. Pre-era of “nanophytovirology”
Earlier several methods have been given by pioneers for virus detection in the 
host plant (crops, ornamental plants, weeds) [25]. Therefore, techniques for rec-
ognition and detection of viruses, equally in crops and carrier vectors, participate 
for a decisive role in virus disease management. All of them are listed as: electron 
microscopy [26], symptoms determination [27, 28], biotest [29, 30], mechanical 
transmission [31], seed transmission [32], serological techniques [enzyme-linked 
immunosorbent assay, phage display, tissue blot immunoassay (TIBA), lateral 
flow devices, immunocapture transmission electron microscopy (ICTEM)] 
[33, 34], restriction fragment length polymorphism (RFLP) [35], thermostable 
amplification based methods [PCR and reverse transcription-polymerase chain 
reaction (RT-PCR), multiplex PCR/RT-PCR, immunocapture PCR (IC-PCR), 
immuno-precipitation PCR (IP-PCR), nested PCR, multiplex nested PCR, real time 
PCR (qPCR), multiplex real time PCR, Co-operational PCR (Co-PCR)] [36–39], 
isothermal amplification based methods [helicase dependent amplification (HDA), 
recombinase polymerase amplification (RPA), nucleic acid sequence base amplifi-
cation (NASBA), loop-mediated isothermal amplification (LAMP), rolling circle 
amplification (RCA)] [40, 41], nucleic acid sequence hybridization techniques [in 
situ hybridization, microarray, lateral flow microarrays] [42, 43], next generation 
sequencing (NGS), recombinant DNA approach [44]. Accessibility of the few 
above-mentioned diagnostic methods endow with a superior elasticity, increased 
sensitivity, and specificity for quick judgment of virus diseases. The accurate and 
reliable detection of the associated virus pathogens therefore forms the first line of 
defense in management of these diseases.
Likewise, number of methods has been devised in viral disease management 
[45–48]. It is conceivable that destruction/killing arthropod vectors, either via 
biological control or with traditional methods, helpful in reducing the viral popula-
tions. Scymnus offmanni, Coccinella septempunctata, Propylaea japonica, Euseius 
cutalis, etc. are some natural predators of whiteflies. Chemiecological technique 
employs honeydews excreta of whitefly, which work as a kairomone to attract 
natural prey, i.e., Encarsia formosa. Such approach has been successfully used in the 
Mediterranean regions against whiteflies vector. Even plant age is also crucial in 
vector population controlling. Field trial has been successful where young plants 
were covered with plastic bag (yellow polyethylene film) or grown under green 
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house until maturing phase, limits the contact with arthropods vectors. Similarly 
masking the crop with living ground covers of perennial peanuts, cinquillo and 
coriander plants condensed the impact of incoming whitefly adults. An old age 
practice helps in diminishing the virus populations by destroying the weeds grow-
ing in the near vicinity of the crop fields, or even sowing the seeds a little later when 
the vector populations flourishes. Both help in viral disease management [49].
Further the use of insecticides against various arthropod vectors is also helpful 
to a certain extent. Few of them are Neonicotinoids, Buprofezin, Thiamethoxam 
70 WS, Imidacloprid 600 FS, Imidacloprid 70WS and Carbosulfan 25 DS, 
Triazophos, Ethion, Imidacloprid, Acephate 95 SG, Spirotetramat, Diafenthiuron, 
Nitroguanidines, Thiamethoxam, Ryanodine and Pymetrozine, quite lethal against 
whiteflies [50]. Two remarkable technology has come up as one the best solution 
against plant viruses, i.e., interference RNA (RNAi) and clustered regularly inter-
spaced short palindromic repeats (CRISPR). RNAi-mediated virus resistance was 
reported against potato virus Y (PVY) in transgenic tobacco plants, against African 
cassava mosaic virus (ACMV), croton yellow vein mosaic virus (CYVMV) and 
many more [51–53]. RNAi is usually associated with methylation of nuclear DNA 
corresponding to the transcribed region of the target RNA despite transcription 
levels of the transgene remains unaffected [54]. CRISPR-Cas (CRISPR Associated 
Systems) is an adaptive immune system in many archaea and bacteria that cleaves 
foreign DNA based on sequence complementarity. Virus based guide RNA (gRNA) 
delivery system for CRISPR/Cas9 mediated plant genome editing cause mutations 
in target genome locations and resulted in transgenic plants showing resistance 
against viruses [55].
3. Epoch of “nanophytovirology”
“Nanophytovirology” is a front-line science which customs nanotechnology in 
diagnosis, detection and management of plant viral diseases and their pathogens 
especially arthropods at an initial phase, helping in plant protection from the 
epidemic diseases [56]. Among the various plant diseases, the diseases caused by 
viruses are the most difficult to manage [57], as one must stop the spread of the 
disease by the vectors. Nanotechnological-based disease diagnosis and management 
for virus infecting crop plants is attaining magnitude with the increased spread 
of viruses and threats of their epidemics [58]. Therefore, there is a demand for an 
improved management of viruses employed by a series of strategies [59, 60]; in-fact 
such practices relied on the ecology of the virus. Many approaches have been used 
to decrease crop losses due to viruses, only a few are effective in their management. 
Even understanding the plant mediated interactions between viruses and their 
carrier vector is quite important to tackle epidemiology of viral diseases [59, 60]. 
Developments in nanofabrication and nanotechnology endow a crucial part in plant 
viral disease detection, simplicity in handling and are cost-effective as compared to 
other plant viral diagnostic methods.
Earlier fluorescent dyes were used straight away for staining the viruses, now 
nanoparticles and quantum dots (QDs) have been developed which helps in car-
rying the detection tags (dyes or anti-viral antibodies) and are quite efficient in 
identifying the viruses, which are also helpful as labeling and imaging agents. 
Such fluorescent tags are easily detected in flow cytometry enabled devices. In yet 
another instance nano-biosensor was developed against plasmodiophoromycete 
Polymyxa betae which is responsible for the carrier of beet necrotic yellow vein 
virus (BNYVV) and caused the deadly disease rhizomania in sugarcane plants. 
The authors used specific antibodies against conjugated with Cadmium-Telluride 
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QDs against the glutathione-S-transferase protein’s (GST). The developed nano-
biosensor showed enough fluorescence resonance energy transfer (FRET) to detect 
the plasmodiophoromycete Polymyxa betae. Cadmium-Telluride QDs conjugated to 
antibodies were also developed against citrus tristeza virus (CTV) using the similar 
approach [61].
Surface plasmon resonance (SPR) is also an optical based technique which 
employs diagnosis of viruses by change in refractive index on a metal surface. In 
this gold nanoparticles are conjugated with anti-viral antibodies adsorbed on a 
glass substrate and are sensed by SPR. Quartz-crystal microbalance (QCM) is a 
well-known, commercially accessible mass sensor technique generally employed in 
quantitative measurement of the thickness of thin films. The principal is that the 
exterior part of the quartz-crystal device (microchip: dimensions in nanometer) is 
typically coated with anti-viral antibodies against the targeted plant viruses. Now 
when a virus is encountered on the quartz-crystal surface there results an increase 
in the mass, thereby resonant frequency decreases, the change in the frequency 
before and after of the chip is measured subsequently. SPR and QCM based nano-
biosensor has been manufactured successfully for the detection of orchid viruses, 
tobacco mosaic virus (TMV), cymbidium mosaic virus (CymMV), odontoglossum 
ringspot virus (ORSV), etc. [62].
Microcantilevers are in the micrometer range, but their tip end is in the nano-
meter scale and is widely used for various biosensing applications. Microcantilevers 
works in two different modes, i.e., straining and resonating mode, both are help-
ful in identifying viruses. Resonating mode is like QCM, whereas straining mode 
relies on the changes in electrical resistance whenever a virus particle bound to 
the surface. The major limitation is the low performance of device in the liquid 
medium, hence the sample need drying before application. For virus particle 
detection nanowire employed transistors have been devised. An immuno-biosensor 
was developed for the detection of Plum pox virus in plum (Prunus domestica) and 
tobacco (Nicotiana benthamiana) leaves sap, where gold electrodes were modified 
with 1,6-hexanedithiol, gold nanoparticles, anti-PPV IgG polyclonal antibody and 
BSA. Nanowires can be engaged against the target virus, and when encountering a 
charged virus capsid, a depletion or gain of charge in the nanowires is thus recorded 
as a simple conductance change. In a similar instance a lithographically patterned 
nanowire electrodeposition (LPNE) technique was used to develop a label-free 
chemiresistive sensors based on a polypyrrole (PPy) nanoribbon conjugated with 
anti-viral antibodies against cucumber mosaic virus (CMV) [63].
Nanotechnology benefits agriculture sectors and diminish environmental pol-
lution. This is carried out by manufacturing of pesticides and chemical fertilizers 
using nanoparticles and nano-capsules and has the capability to control or delayed 
the delivery and absorption of pesticides and chemical fertilizers with lower dose. 
“Nano-5” is a marketed product pesticide to control several plant viruses. It was 
found effective at dilution of 1:500 against Mosaic, ringspot, transitory yellowing, 
tristeza virus, exocortis viroid by spraying “Nano-5” onto the surface of leaves and 
apply to the roots once every 3 days. It was reported that chitosan nanoparticles 
have the ability to induce resistance in host crops against few viruses, for example 
mosaic virus of alfalfa, snuff, peanut, potato, and cucumber were targeted. 
Similarly, gold nanoparticles showed antiviral effects against Bean mild mosaic 
virus in beans, barley yellow mosaic virus in barley and tobacco necrosis virus in 
tobacco plants. Peoples also claimed silver nanoparticles application made the host 
plant resistance against sun-hemp rosette virus (infecting bean plants) and bean 
yellow mosaic virus (causing disease in faba bean crops) [64].
RNAi technique were also employed in coupling with nanotechnology, a remark-
able study was carried out to show resistance against cucumber mosaic virus (CMV) 
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and pepper mild mottle virus (PMMoV). In this wonderful approach dsRNA was 
loaded onto LDH (Layered double hydroxides) nanoparticles, called BioClay and 
were sprayed on the challenged plants. Plants showed resistance against the above-
mentioned viruses for 20 days as compared to controlled ones [65]. It is clear from 
the above discussion that “nanophytovirology” represent an attractive advance-
ment, owing to their potential advantages for the plant disease management against 
deadly crop viruses.
4. Challenges adjoining “nanophytovirology”
The application of nanoparticles, particularly in plant disease management, 
need specific structural and physicochemical features, and any slight variations 
to their planned properties can hinder the function and performance of designed 
nanoparticle conjugate [66]. Hence, numerous factors related to nanoparticle 
synthesis are quite important for the development of an effective virus detection 
assay. Further, the methods employed in making/synthesizing nanoparticles seem 
easy and quick for large scale production but getting the final product in uniformity 
(shape and size) remains challenging. Nanoparticles itself cannot detect the viruses 
solely and thus need additional biomolecule specific in sensing the pathogen. In 
comparison to nanoparticles, biomolecules are quite delicate to severe chemical and 
physical alterations (high temperature, high salt concentrations, reducing agents) 
which might can harmfully affect their reactivity and specificity [67]. Therefore, 
such procedures demand for proper optimization steps aimed at in detecting 
viruses.
But when employing/using nanoparticles and its conjugates for the application in 
virus disease management, their biosafety and toxicity on human health and envi-
ronment is yet another a major challenge. For example, nano-pesticides might get 
inhaled by the workers during treatment process. Similarly, other nano-composites  
might get deposit on the leaves or flowers, can affect animals, birds, honey bees, 
etc. They may clog the stomatal pores and might hinder the penetration of pollen 
grains on stigma. If get inside the plant system, nanoparticle might affect plant 
metabolism and can cause similar effect on humans as well. Cellular toxicity can 
be induced by nanoparticles (NPs) that lead to toxic side effects such as enhanced 
ROS generation, disruption of redox homeostasis, lipid peroxidation, impaired 
mitochondrial function, and membrane damage. Due to their long persistence and 
greater reactivity nano-pesticides may contaminate water and soil system [68]. 
Regardless of these developments in nanotechnology, there are some unsolved 
problems concerning the detection of many plant viruses due to their low titer in 
the plants, their uneven distribution, the existence of latent infection and lack of 
validated sampling protocols.
5. Conclusion
Virologists need complete knowledge about viral infection and of effects on host 
plants so that correct control procedures can be implemented [69]. Specificity of 
viruses varies greatly [70]. Some of them can colonize different species and some 
are specific or interact to specific cell machinery. There is more focus on reduction 
of crop loss by controlling pathogen movement from infected plants to healthy 
plants rather than treating the infected plants [71]. The work on the development 
of nanoparticles done by the pioneers in the field is particularly significant and 
beneficial for the humans and to the agriculture sector which supports the lives 
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of growing population [72, 73]. Nanoparticles affect the pathogens in a similar 
way as the chemical pesticides do at a very low concentration [74]. Nanomaterials 
have been used as carrier of active ingredients of pesticides, host defense inducing 
chemicals, etc. [75, 76], to target the viral pathogens. These nano-based diagnostic 
kits not only increase the speed of detection but also increase the power of the 
detection. Thus, finding nanotechnology-based solutions, will enable researchers to 
explore better management practices against viruses in a better way for the plants 
which are constantly challenged in the natural conditions.
Conflict of interest
The authors have no conflict of action to declare.
Author contributions
A.M. and R.K.G. drafted the manusxxcript. A.M. and R.K.G. contributed to 
acquisition of literature data. All authors read and approved the final version of the 
manuscript.
Author details
Avinash Marwal1 and R.K. Gaur2*
1 Department of Biotechnology, Mohanlal Sukhadia University, Udaipur, Rajasthan, 
India
2 Department of Biosciences, School of Sciences, Mody University of Science and 
Technology, Lakshmangarh, Sikar, Rajasthan, India
*Address all correspondence to: gaurrajarshi@hotmail.com
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
7Nanophytovirology: An Emerging Field for Disease Management
DOI: http://dx.doi.org/10.5772/intechopen.86653
References
[1] Kleve S, Booth S, Davidson ZE, 
Palermo C. Walking the food security 
tightrope—Exploring the experiences 
of low-to-middle income Melbourne 
households. International Journal of 
Environmental Research and Public 
Health. 2018;15:2206. DOI: 10.3390/
ijerph15102206
[2] Gaur RK, Prajapat R, Marwal A, 
Sahu A, Rathore MS. First report of a 
Begomovirus infecting Mimosa pudica 
in India. Journal of Plant Pathology. 
2011;93:S4.80. DOI: 10.4454/jpp.
v93i4.2394
[3] Almeida RPP. Emerging plant 
disease epidemics: Biological research 
is key but not enough. PLoS Biology. 
2018;16:e2007020. DOI: 10.1371/journal.
pbio.2007020
[4] Marwal A, Prajapat R, Sahu A, 
Gaur RK. Current status of Geminivirus 
in India: RNAi technology, a challenging 
cure. Asian Journal of Biological 
Sciences. 2012;5:273-293. DOI: 10.3923/
ajbs.2012.273.293
[5] Prajapat R, Marwal A, Jha PN. 
Erwinia carotovora associated with 
potato: A critical appraisal with respect to 
Indian perspective. International Journal 
of Current Microbiology and Applied 
Sciences. 2013;2:83-89
[6] Mahmood S, Lakra N, Marwal A, 
Sudheep NM, Anwar K. Crop 
genetic engineering: An approach 
to improve fungal resistance in 
plant system. In: Singh DP, editor. 
Plant-Microbe Interactions in Agro-
Ecological Perspectives. Singapore: 
Springer; 2017. pp. 581-591. DOI: 
10.1007/978-981-10-6593-4_23
[7] Sudheep NM, Marwal A, Lakra N, 
Anwar K, Mahmood S. Fascinating 
fungal endophytes role and possible 
applications. In: Singh DP, editor. 
Plant-Microbe Interactions in 
Agro-Ecological Perspectives. 
Singapore: Springer; 2017. pp. 255-273. 
DOI: 10.1007/978-981-10-5813-4_13
[8] Marwal A, Sahu AK, Gaur RK. 
Molecular characterization of 
begomoviruses and DNA satellites 
associated with a new host Spanish 
flag (Lantana camara) in India. 
ISRN Virology. 2013;2013:5. DOI: 
10.5402/2013/915703
[9] Marwal A, Prajapat R, Gaur RK. First 
report of recombination analysis 
of Betasatellite and Aplhasatellite 
sequence isolated from an ornamental 
plant Marigold in India: An in silico 
approach. International Journal of 
Virology. 2016;12:10-17. DOI: 10.3923/
ijv.2016.10.17
[10] Marwal A, Mishra M, Sekhsaria C,  
Gaur RK. Computational analysis and 
predicting ligand binding site in the 
rose leaf curl virus and its Betasatellite 
proteins: A step forward for antiviral 
agent designing. In: Saxena S, 
Tiwari AK, editors. Begomoviruses: 
Occurrence and Management 
in Asia and Africa. Singapore: 
Springer; 2017. pp. 157-168. DOI: 
10.1007/978-981-10-5984-1_9
[11] Marwal A, Sahu A, Gaur RK. New 
insights in the functional genomics of 
plants responding to abiotic stress. In: 
Gaur RK, Sharma P, editors. Molecular 
Approaches in Plant Abiotic Stress. 
Boca Raton, Florida, US: CRC Press, 
Science Publishers, Taylor & Francis 
Group; 2014. pp. 158-180. DOI: 
10.1201/b15538
[12] Quatrini L, Wieduwild E, Escaliere B, 
Filtjens J, Chasson L, Laprie C, et al. 
Endogenous glucocorticoids control 
host resistance to viral infection 
through the tissue-specific regulation 
of PD-1 expression on NK cells. Nature 
Immunology. 2018;19:54-962. DOI: 
10.1038/s41590-018-0185-0
Plant Diseases-Current Threats and Management Trends
8
[13] Prajapat R, Marwal A, Goyal M. In 
silico characterization of hemagglutinin 
protein of influenza a virus [A/
canine/Beijing/cau9/2009(H1N1)] of 
H1N1 subtype. Journal of Advances 
in Biotechnology. 2014;1:40-47. DOI: 
10.24297/jbt.v1i1.1786
[14] Prajapat R, Marwal A, Shaikh Z, 
Gaur RK. Geminivirus database 
(GVDB): First database of family 
Geminiviridae and its genera 
Begomovirus. Pakistan Journal of 
Biological Sciences. 2012;15:702-706. 
DOI: 10.3923/pjbs.2012.702.706
[15] Das AK, Marwal A, Sain D, 
Pareek V. One-step green synthesis and 
characterization of plant protein-coated 
mercuric oxide (HgO) nanoparticles: 
Antimicrobial studies. International 
Nano Letters. 2015;5:125-132. DOI: 
10.1007/s40089-015-0144-9
[16] Das AK, Marwal A, Sain D. 
One-step green synthesis and 
characterization of flower extract-
mediated mercuric oxide (HgO) 
nanoparticles from Callistemon 
viminalis. Research and Reviews: 
Journal of Pharmaceutics and 
Nanotechnology. 2014;2:25-28
[17] Antonacci A, Arduini F, Moscone D, 
Palleschi G, Scognamiglio V. 
Nanostructured (bio)sensors for smart 
agriculture. TrAC Trends in Analytical 
Chemistry. 2018;98:95-103. DOI: 
10.1016/j.trac.2017.10.022
[18] Das AK, Marwal A, Verma R. Datura 
inoxia leaf extract mediated one step 
green synthesis and characterization 
of magnetite (Fe3O4) nanoparticles. 
Research and Reviews: Journal of 
Pharmaceutics and Nanotechnology. 
2014;2:21-24
[19] Das S, Debnath N, Cui Y, Unrine J, 
Palli SR. Chitosan, carbon quantum 
dot, and silica nanoparticle mediated 
dsRNA delivery for gene silencing in 
Aedes aegypti: A comparative analysis. 
ACS Applied Materials & Interfaces. 
2015;7:19530-19535. DOI: 10.1021/
acsami.5b05232
[20] Das AK, Marwal A, Pareek V. 
Nanoparticles-protein hybrid based 
magnetic liposome. World Academy of 
Science, Engineering and Technology, 
International Journal of Chemical, 
Nuclear, Materials and Metallurgical 
Engineering. 2015;9:230-233
[21] Das AK, Marwal A, Verma R. 
Preparation and characterization 
of nano-bio hybrid based magneto 
liposome. International Journal of 
Pharmaceutical Sciences and Research. 
2015;6:367-375. DOI: 10.13040/
IJPSR.0975-8232.6(1).367-75
[22] Guenther RH, Lommel SA, 
Opperman CH, Sit TL. Plant virus-
based nanoparticles for the delivery of 
agronomic compounds as a suspension 
concentrate. Methods in Molecular 
Biology. 2018;1776:203-214. DOI: 
10.1007/978-1-4939-7808-3_13
[23] Das AK, Marwal A, Sain D. 
One-step green synthesis and 
characterization of flower extract-
mediated mercuric oxide (HgO) 
nanoparticles from Callistemon 
viminalis. In: Bhoop BS, Sharma A, 
Mehta SK, Tripathi SK, editors. 
Nanotechnology: Novel Perspectives 
and Prospects. New Delhi, India: Tata-
McGraw Hill; 2014. pp. 466-472
[24] Das AK, Marwal A, Pareek V, 
Joshi Y, Apoorva. Surface Engineering 
of Magnetite Nanoparticles by 
Plant Protein: Investigation into 
Magnetic Properties. Nano Hybrid 
and Composites. Vol. 11. Trans Tech 
Publication; 2016. pp. 38-44. DOI: 
10.4028/www.scientific.net/NHC.11.38
[25] Prajapat R, Marwal A, Sahu AK, 
Gaur RK. First report of Begomovirus 
infecting Sonchus asper in India. Science 
International. 2013;1:108-110. DOI: 
10.5567/sciintl.2013.108.110
9Nanophytovirology: An Emerging Field for Disease Management
DOI: http://dx.doi.org/10.5772/intechopen.86653
[26] Marwal A, Sahu AK, Prajapat R, 
Choudhary DK, Gaur RK. Molecular 
and recombinational characterization of 
Begomovirus infecting an ornamental 
plant Alternanthera sessilis: A new host of 
tomato leaf curl Kerala virus reported in 
India. Science International. 2013;1:51-
56. DOI: 10.17311/sciintl.2013.51.56
[27] Marwal A, Sahu AK, Gaur RK. 
Evidence of the association of 
begomovirus and its betasatellite with 
the yellow vein disease of an ornamental 
plant Calendula officinalis (pot marigold) 
in Rajasthan, India: Molecular, sequence 
and recombination analysis. Journal of 
Advances in Biology. 2013;1:29-44. DOI: 
10.24297/jab.v1i1.1554
[28] Prajapat R, Marwal A, Gaur RK. 
Datura leaf curl betasatellite associated 
for the first time with Datura inoxia 
leaf curl syndrome in India. Journal of 
Advances in Biotechnology. 2014;1:1-7. 
DOI: 10.24297/jbt.v1i1.5055
[29] Marwal A, Sahu AK, Gaur RK. 
Association of begomovirus and an 
alphasatellite with the leaf curl disease 
of ornamental plant Vinca alba in 
Punjab, India. Journal of Agricultural 
Research. 2014;52:339-356
[30] Marwal A, Sahu AK, Gaur RK. 
First report on the association of a 
begomovirus with Chrysanthemum 
indicum exhibiting yellowing of leaf 
vein disease characterized by molecular 
studies. Journal of Horticultural 
Research. 2013;21:17-21. DOI: 10.2478/
johr-2013-0017
[31] Sahu AK, Nehra C, Marwal A, 
Gaur RK. First report of a begomovirus 
associated with betasatellites infecting 
new host spinach (Spinacia oleracea) 
in India. Journal of General Plant 
Pathology. 2015;81:146-150. DOI: 
10.1007/s10327-014-0576-5
[32] Sahu AK, Marwal A, Nehra C, 
Shahid MS, Gaur RK. First report 
of a begomovirus and associated 
betasatellite in Rosa indica and in India. 
Australasian Plant Disease Notes. 
2014;9:147
[33] Nehra C, Verma RK, Mishra M, 
Marwal A, Sharma P, Gaur RK. Papaya 
yellow leaf curl virus: A newly 
identified begomovirus infecting Carica 
papaya from the Indian subcontinent. 
The Journal of Horticultural Science & 
Biotechnology. 2019;94:475-480. DOI: 
10.1080/14620316.2019.1570827
[34] Marwal A, Sahu A, Gaur RK. 
Molecular marker: Tools for genetic 
analysis. In: Verma AS, Singh A, editors. 
Animal Biotechnology: Models in 
Discovery and Translation. Waltham, 
MA, US: Academic Press, Elsevier; 
2014. pp. 289-305. DOI: 10.1016/
B978-0-12-416002-6.00016-X
[35] Chen J, Adams MJ. A universal 
PCR primer to detect members of the 
Potyviridae and its use to examine the 
taxonomic status of several members 
of the family. Archives of Virology. 
2001;146:757-766. DOI: 10.1007/
s007050170144
[36] Marwal A, Sahu AK, Gaur RK. First 
report of molecular characterization of 
begomovirus infecting an ornamental 
plant Tecoma stans and a medicinal plant 
Justicia adhatoda. Science International. 
2013;25:837-839
[37] Nehra C, Sahu AK, Marwal A, 
Gaur RK. Natural occurrence of 
Clerodendron yellow mosaic virus on 
Bougainvillea in India. New Diseases 
Report BSPP. 2014;30:19. DOI: 
10.5197/j.2044-0588.2014.030.019
[38] Zhang S, Ravelonandro M, Russell P, 
McOwen N, Briard P, Bohannon S, 
et al. Rapid diagnostic detection of 
plum pox virus in Prunus plants by 
isothermal AmplifyRP(®) using reverse 
transcription-recombinase polymerase 
amplification. Journal of Virological 
Methods. 2014;207:114-120. DOI: 
10.1016/j.jviromet.2014.06.026
Plant Diseases-Current Threats and Management Trends
10
[39] Nehra C, Marwal A, Verma RK, 
Gaur RK. Molecular characterization of 
Begomoviruses DNA-A and associated 
beta satellites with new host Ocimum 
sanctum in India. Proceedings of the 
National Academy of Sciences, India 
Section B: Biological Sciences. 2018. 
DOI: 10.1007/s40011-018-1006-9
[40] Marwal A, Sahu AK, Gaur RK. 
Molecular characterization of a 
begomovirus infecting a new host 
Golden Duranta (Duranta erecta) in 
India. International Journal of Current 
Microbiology and Applied Sciences. 
2013;2:45-48
[41] Lamptey JNL, Osei MK, Mochiah MB, 
Osei K, Berchie JN, Bolfrey-Arku G, 
et al. Serological detection of tobacco 
mosaic virus and cucumber mosaic virus 
infecting tomato (Solanum Lycopersicum) 
using a lateral flow immunoassay 
technique. Journal of Agricultural Studies. 
2013;1:102-113. DOI: 10.5296/jas.v1i2.3768
[42] Elbeaino T, Digiaro M, Uppala M, 
Sudini H. Deep sequencing of pigeonpea 
sterility mosaic virus discloses five 
RNA segments related to emaraviruses. 
Virus Research. 2014;188:27-31. DOI: 
10.1016/j.virusres.2014.03.022
[43] Marwal A, Kumar R, Khurana SMP, 
Gaur RK. Complete nucleotide sequence 
of a new geminivirus isolated from Vitis 
vinifera in India: A symptomless host 
of grapevine red blotch virus. Virus 
Disease. 2018;30:106-111. DOI: 10.1007/
s13337-018-0477-x
[44] Boonham N, Glover R, Tomlinson J, 
Mumford R. Exploiting generic 
platform technologies for the detection 
and identification of plant pathogens. 
In: Collinge DB, Munk L, Cooke 
BM, editors. Sustainable Disease 
Management in a European Context. 
Dordrecht: Springer; 2008. pp. 355-363. 
DOI: 10.1007/978-1-4020-8780-6_15
[45] Marwal A, Prajapat R, Gaur RK. 
Prediction of binding site in eight 
protein molecules of Begomovirus and 
its satellite components i.e., Betasatellite 
and Alphasatellite isolated from infected 
ornamental plant. Plant Pathology 
Journal. 2016;15:1-4. DOI: 10.3923/
ppj.2016.1.4
[46] Marwal A, Mishra M, Verma RK, 
Prajapat R, Gaur RK. In silico study of 
the Geminiviruses infecting ornamental 
plants. In: Choudhary DK, Kumar M, 
Prasad R, Kumar V, editors. In Silico 
Approach for Sustainable Agriculture. 
Singapore: Springer; 2018. pp. 69-90. 
DOI: 10.1007/978-981-13-0347-0_4
[47] Prajapat R, Marwal A, Sahu A, 
Gaur RK. Phylogenetics and in 
silico docking studies between coat 
protein of Mimosa yellow vein virus 
and whey α-lactalbumin. American 
Journal of Biochemistry and Molecular 
Biology. 2011;1:265-274. DOI: 10.3923/
ajbmb.2011.265.274
[48] Makkouk KM. A study on tomato 
viruses in the Jordan valley with special 
emphasis on tomato yellow leaf curl. 
Plant Disease Report. 1978;64:259-262. 
DOI: 10.1007/BF02979527
[49] Kayser H, Kaufmann L, 
Schürmann F. Pymetrozine (CGA 
215¢944): A novel compound for aphid 
and whitefly control. In: An Overview 
of Its Mode of Action. Proceedings of 
Brighton Crop Protection Conference–
Pests and Diseases. Vol. 2; Brighton. 
1994. pp. 737-742
[50] Sanjaya VVS, Prasad V, Kirthi N, 
Maiya SP, Savithri HS, Sita GL. 
Development of cotton transgenics 
with antisense AV2 gene for resistance 
against cotton leaf curl virus (CLCuD) 
via agrobacterium tumefaciens. Plant 
Cell, Tissue and Organ Culture. 2005;81: 
55-63. DOI: 10.1007/s11240-004-2777-7
[51] Sahu AK, Marwal A, Nehra C, 
Choudhary DK, Sharma P, Gaur RK. 
RNAi mediated gene silencing against 
betasatellite associated with Croton 
11
Nanophytovirology: An Emerging Field for Disease Management
DOI: http://dx.doi.org/10.5772/intechopen.86653
yellow vein mosaic begomovirus. 
Molecular Biology Reports. 2014;41:7631-
7638. DOI: 10.1007/s11033-014-3653-0
[52] Marwal A, Sahu AK, Prajapat R, 
Choudhary DK, Gaur RK. RNA 
silencing suppressor encoded by 
Betasatellite DNA associated with 
Croton yellow vein mosaic virus. Open 
Access Scientific Reports. 2012;1:153. 
DOI: 10.4172/scientificreports.153
[53] Das S, Marwal A, Choudhary DK, 
Gupta VK, Gaur RK. Mechanism of 
RNA interference (RNAi): Current 
concept. In: International Proceedings 
of Chemical, Biological and 
Environmental Engineering; Singapore. 
Vol. 9. 2011. pp. 240-245
[54] Ali Z, Abulfaraj A, Idris A, Ali S, 
Tashkandi M, Mahfouz MM. CRISPR/
Cas9-mediated viral interference in 
plants. Genome Biology. 2015;16:238. 
DOI: 10.1186/s13059-015-0799-6
[55] Worrall EA, Hamid A, Mody KT, 
Mitter N, Pappu HR. Nanotechnology 
for plant disease management. 
Agronomy. 2018;8:285. DOI: 10.3390/
agronomy8120285
[56] Prajapat R, Marwal A, Gaur RK. 
Evidence of the Association of Solanum 
leaf curl Lakshmangarh virus with a 
weed plant Solanum nigrum in Rajasthan, 
India. Science International. 2013;1:379-
383. DOI: 10.17311/sciintl.2013.379.383
[57] Khurana SMP, Marwal A. Recent 
developments towards detection & 
diagnosis for management of plant 
viruses. Indian Phytopathology. 
2016;69:30-34
[58] Marwal A, Gaur RK. Understanding 
functional genomics of PTGS silencing 
mechanisms for tobacco streak virus 
and other Ilarviruses mediated by RNAi 
and VIGS. In: Singh DP, editor. Plant-
Microbe Interactions in Agro-Ecological 
Perspectives. Volume 1: Fundamental 
Mechanisms, Methods and Functions. 
Singapore: Springer; 2017. pp. 489-499. 
DOI: 10.1007/978-981-10-5813-4_24
[59] Nehra C, Marwal A, Gaur RK. 
Diversity and phylogeny of 
Begomovirus populations and their 
managements. Acta Microbiologica 
Bulgarica. 2016;32:108-113
[60] Vardhan H, Marwal A, Mathur P, 
Prajapat R. In silico characterization of 
hemagglutinin protein of H1N1 subtype. 
International Journal of Biological 
Technology. 2012;3:62-66
[61] Marwal A, Sahu A, Sharma P, Gaur 
RK. Transmission and host interaction 
of Geminivirus in weeds. In: Gaur RK, 
Hohn T, Sharma P, editors. Plant Virus-
Host Interaction: Molecular Approaches 
and Viral Evolution. Waltham, 
MA, US: Academic Press, Elsevier; 
2014. pp. 143-161. DOI: 10.1016/
B978-0-12-411584-2.00007-X
[62] Shojaei TR, Salleh MAM, Sijam K, 
Rahim RA, Mohsenifar A, Safarnejad R, 
et al. Fluorometric immunoassay for 
detecting the plant virus Citrus tristeza 
using carbon nanoparticles acting as 
quenchers and antibodies labeled with 
CdTe quantum dots. Microchimica 
Acta. 2016;183:2277-2287. DOI: 10.1007/
s00604-016-1867-7
[63] Hayden O, Bindeus R, Haderspock 
C, Mann KJ, Wirl B, Dickert FL. Mass 
sensitive detection of cells, viruses, 
and enzymes with artificial receptors. 
Sensors and Actuators B: Chemical. 
2003;91:316-319. DOI: 10.1016/
S0925-4005(03)00093-5
[64] Chartuprayoon N, Rheem Y, 
Ng JCK, Nam J, Chend W, Myung NV. 
Polypyrrole nanoribbon based 
chemiresistive immunosensors for viral 
plant pathogen detection. Analytical 
Methods. 2013;5:3497-3502. DOI: 
10.1039/C3AY40371H
[65] Elbeshehy EKF, Elazzazy AM, 
Aggelis G. Silver nanoparticles synthesis 
Plant Diseases-Current Threats and Management Trends
12
mediated by new isolates of Bacillus 
spp., nanoparticle characterization and 
their activity against bean yellow mosaic 
virus and human pathogens. Frontiers in 
Microbiology. 2015;6:453. DOI: 10.3389/
fmicb.2015.00453
[66] Mitter N, Worrall EA, Robinson KE, 
Li P, Jain RG, Taochy C, et al. Clay 
nanosheets for topical delivery of RNAi 
for sustained protection against plant 
viruses. Nature Plants. 2017;3:16207. 
DOI: 10.1038/nplants.2016.207
[67] Spicer CD, Jumeaux C, Gupta B,  
Stevens MM. Peptide and 
protein nanoparticle conjugates: 
Versatile platforms for biomedical 
applications. Chemical Society 
Reviews. 2018;47:3574. DOI: 10.1039/
C7CS00877E
[68] Jazayeri MH, Amani H, Pourfatollah 
AA, Toroudi HP, Sedighimoghaddam B. 
Various methods of gold nanoparticles 
(GNPs). Conjugation to antibodies. 
Sensing and Bio-Sensing Research. 
2016;9:17-22. DOI: 10.1016/j.
sbsr.2016.04.002
[69] McGee CF, Storey S, Clipson N, 
Doyle E. Soil microbial community 
responses to contamination with 
silver, aluminium oxide and silicon 
dioxide nanoparticles. Ecotoxicology. 
2017;26:449-458. DOI: 10.1007/
s10646-017-1776-5
[70] Marwal A, Gaur RK, Khurana SMP. 
Possible approaches for developing 
different strategies to prevent 
transmission of Geminiviruses to 
important crops. In: Gaur RK, Khurana 
SMP, Dorokhov Y, editors. Plant Viruses: 
Diversity, Interaction and Management. 
Boca Raton, Florida, US: CRC Press, 
Taylor & Francis Group; 2018. 
pp. 301-319
[71] Sanfaçon H. Grand challenge in 
plant virology: Understanding the 
impact of plant viruses in model 
plants, in agricultural crops, and in 
complex ecosystems. Frontiers in 
Microbiology. 2017;8:860. DOI: 10.3389/
fmicb.2017.00860
[72] Marwal A, Verma RK, Khurana SMP, 
Gaur RK. Molecular interactions between 
plant viruses and their biological vectors. 
In: Gaur RK, Khurana SMP, Dorokhov 
Y, editors. Plant Viruses: Diversity, 
Interaction and Management. Boca 
Raton, Florida, US: CRC Press, Taylor & 
Francis Group; 2018. pp. 205-216
[73] Das AK, Marwal A, Verma R. Plant 
protein-mediated green synthesis and 
characterization of magnetite (Fe3O4) 
Bionano hybrid. In: Bhoop BS, Sharma 
A, Mehta SK, Tripathi SK, editors. 
Nanotechnology: Novel Perspectives 
and Prospects. New Delhi, India: Tata-
McGraw Hill; 2014. pp. 136-143
[74] Arts JH, Hadi M, Keene AM, 
Kreiling R, Lyon D, Maier M, et al. A 
critical appraisal of existing concepts 
for the grouping of nanomaterials. 
Regulatory Toxicology and 
Pharmacology. 2014;70:492-506. DOI: 
10.1016/j.yrtph.2014.07.025
[75] San Miguel K, Scott JG. The next 
generation of insecticides: DsRNA is 
stable as a foliar-applied insecticide. 
Pest Management Science. 2016;72: 
801-809. DOI: 10.1002/ps.4056
[76] Ghosh SKB, Hunter WB, Park AL, 
Gundersen-Rindal DE. Double 
strand RNA delivery system for 
plant-sap-feeding insects. PLoS ONE. 
2017;12:e0171861. DOI: 10.1371/journal.
pone.0171861
